The linguistically distinctive Haida and Tlingit tribes of Southeast Alaska are known for their rich material culture, complex social organization, and elaborate ritual practices. However, much less is known about these tribes from a population genetic perspective. For this reason, we analyzed mtDNA and Y-chromosome variation in Haida and Tlingit populations to elucidate several key issues pertaining to the history of this region. These included the genetic relationships of Haida and Tlingit to other indigenous groups in Alaska and Canada; the relationship between linguistic and genetic data for populations assigned to the Na-Dene linguistic family, specifically, the inclusion of Haida with Athapaskan, Eyak, and Tlingit in the language family; the possible influence of matrilineal clan structure on patterns of genetic variation in Haida and Tlingit populations; and the impact of European entry into the region on the genetic diversity of these indigenous communities. Our analysis indicates that, while sharing a ''northern" genetic profile, the Haida and the Tlingit are genetically distinctive from each other. In addition, Tlingit groups themselves differ across their geographic range, in part due to interactions of Tlingit tribes with Athapaskan and Eyak groups to the north. The data also reveal a strong influence of maternal clan identity on mtDNA variation in these groups, as well as the significant influence of non-native males on Y-chromosome diversity. 
Southeast Alaska has long been known for its diversity of Native American communities. Prior to European contact, Eyak, Haida, Tlingit, and Tsimshian tribes lived in coastal and island portions of Southeast Alaska and northern British Columbia (Fig. 1) . These groups are known for their distinctive totem poles, house carvings, masks and ceremonial garb, and material culture as well as their complex social organization and elaborate potlatches (Garfield and Wingert, 1966; Kaplan and Barsness, 1986; Fairbanks, 1989; Kan, 1989; Halpin and Seguin, 1990; Emmons, 1991; MacDonald, 1994; Miller, 2000; Reid, 2002) , and are considered to be part of a ''Northwest Coast Culture.'' However, while this region has been well studied from ethnographic (Swanton, 1905 (Swanton, , 1908 Krause, 1956 Krause, [1885 ; de Laguna et al., 1972; Oberg, 1973; Olsen, 1976; Emmons, 1991) and linguistic perspectives (Sapir, 1915; Krause 1979; Krause and Golla, 1980, 1981; Leer et al., 2001) , much less is known about these tribes from a population genetic perspective.
The ancestors of the Haida and Tlingit populations probably did not establish themselves in Southeast Alaska until after the end of the last glacial maximum. The earliest Paleoarctic sites, including Chuck Lake and Thorne River, Groundhog Bay in Icy Strait (Chichagof Island) and Hidden Falls on Baranof Island near Sitka, date to 10,000-6,500 years before present (YBP) and are marked by microblade and cobble stone tools (Carlson 1990 ; Davis, 1990; Ackerman, 1992 Ackerman, , 1996 Moss, 1998; Ames and Maschner, 1999) . During this period, the Northwest Coast developed into a distinct culture area (Davis, 1990; Ackerman, 1992 Ackerman, , 1996 Moss, 1998; Ames and Maschner, 1999) . Over the next 2,000 years, the culture and social organization associated with Northwest Coast peoples began to emerge (Davis, 1990; Ackerman, 1992) . Around 5,000 years ago, the coastal art and aesthetic styles associated with the Northwest Coast began to appear (Davis, 1990; Ackerman, 1992) . By 3,000 years ago, the cultures of the Northwest Coast were largely the same as those observed at the time of contact (Davis, 1990; Ames and Maschner, 1999) . The indigenous populations living in the region today are the direct cultural, and possibly biological, descendants of these prehistoric Northwest Coast groups (Davis, 1990; Ames and Maschner, 1999) .
LINGUISTIC DIVERSITY IN SOUTHEAST ALASKA
Efforts to understand the history of the indigenous groups from this region have also involved the examination of linguistic evidence. Such research has revealed that these groups speak languages belonging to the Athapaskan-Eyak-Tlingit (AET) family. The Tlingit language, recognized as one of the oldest branches of the family, may have split from the Eyak-Athapaskan branch about 5,000 years ago (Krause, 1979; Greenberg et al., 1986; Krause and Golla, 1980 ) (Supporting Information Fig. S1 ). It is subdivided into Gulf Coast, Northern, Southern, and Inland dialects, which are largely mutually intelligible (Krause and Golla, 1980, 1981; de Laguna, 1990a; Leer et al., 2001) . Sixteen component ''tribes'' (qwaan) comprise the three coastal subdialect regions. Each of these tribes is centered on a primary village (Krause and Golla, 1981; Goldschmidt and Haas, 1986; de Laguna, 1990a; Hope and Thornton, 2000) . These are, north to south, the Gulf Coast region with Yakutat and Lituya Bay; the Northern region with Hoonah, Chilkat, Auk, Sitka, Hutsnuwu, Taku, and Sawdum; and the Southern region with Kake, Kuiu, Henya, Klawak, Stikine, Tongass, and Sanya (Supporting Information Fig. S2 ).
By contrast, Eyak is essentially an extinct language, historically spoken in the Copper River region of southcentral Alaska (Krause and Golla, 1981; de Laguna, 1990b) . According to linguistic evidence, even current place names surrounding the Gulf of Alaska (including Yakutat) came from Eyak sources (de Laguna, 1972 (de Laguna, , 1990a Krause and Golla, 1981; Emmons, 1991) . This evidence, and Tlingit oral history, suggests that Eyak was once more widespread in Southeast Alaska than at the time of European contact (de Laguna, 1972 (de Laguna, , 1990a Krause and Golla, 1981; Emmons, 1991) .
Athapaskan is the youngest branch of the AET grouping within Na-Dene. Populations speaking Athapaskan languages now occupy large areas of northern North America, with most living in Alaska and Canada (Supporting Information Fig. S1 ). Proto-Athapaskan itself may have originated in the subarctic region of North America some 3,000 years ago (Hoijer, 1956; Krause and Golla, 1981) . The current distribution of Athapaskan languages in North America likely reflects a series of migrations from this source area within the past 1,000 years (Greenberg et al., 1986; Ives, 2003 Ives, , 2010 Matson and Magne, 2007) .
Most researchers also support the ''Na-Dene hypothesis,'' which asserts a distant ''genetic" relationship between AET and Haida languages (Sapir, 1915; Krause and Golla, 1981; Ruhlen, 1998) . According to this model, Haida and AET languages resemble each other because of sharing a common ancestry (Greenberg et al., 1986; Ruhlen, 1994 Ruhlen, , 1998 Manaster Ramer, 1996; Enrico, 2003) . However, some have questioned the inclusion of Haida in the Na-Dene linguistic family, viewing it as a linguistic isolate (Krause, 1979; Levine, 1979) . The Haida language itself is divided into Northern and Southern dialects, with Northern Haida being split into Alaskan (Kaigani) Haida and Masset (North Graham Island) Haida dialects (Enrico, 2003 (Enrico, , 2005 .
Tribal and clan structure
All Northwest Coast groups have some form of an exogamous matrilineal clan system. In these systems, clan status is passed from mothers to their children. Based on this status, individuals have access to specific clan territories for hunting and fishing, and can use clan-specific crests for decorating clothing and dwellings (Olson, 1967; Emmons, 1991; Kaplan and Barsness, 1986; de Laguna 1990b) . The clan system is comprised by two moieties or reciprocating descent groups. For the Tlingit and Eyak, clans are grouped into Raven (Yéil) or Eagle/Wolf (Ch'aak'/Gooch) moieties (Kaplan and Barsness, 1986; Emmons, 1991; de Laguna, 1990a, b) . Traditionally, moiety membership influenced marriage practices, whereby persons belonging to Eagle clans would marry those from Raven clans, and vice versa.
Like the Tlingit and Eyak, the Haida are grouped into two moieties, although the clans belonging to the Haida Eagle moiety would belong to the Tlingit Raven moiety (Blackman, 1990) . By contrast, the Tsimshian have four phratries instead of two moieties (Miller and Eastman, 1984; Halpin and Seguin, 1990; Miller, 2000) . Thus, all Northwest Coast populations are organized into maternally linked clans, grouped into exogamous units, which influence their social and ritual practices, and probably also their genetic make-up.
Historical period in Southeast Alaska
European entry into the region created new patterns of cultural and economic interactions in Southeast Alaska. In the mid-1700s, Russians began exploring the region for exploitation of its natural resources (Frost, 2003) . By the late 18th century, Russian, Spanish, English, and French explorers had made contact with Tlingit populations (Fedorova, 1973; Tikhmenev, 1978; de Laguna 1990a; Wilber, 1993; Hope and Thornton, 2000; Haycox, 2002; Black, 2004; Dauenhauer et al., 2008; Grinev, 2008) . The American purchase of Alaska from Russia in 1867 led to further settlement and exploitation of the region (Haycox, 2002; Borneman, 2004) . The Klondike Gold Rush of 1898 opened Alaska to further natural resource exploitation, including fishing, timbering, mining and oil drilling, which continues today, along with the influx of many people of non-native descent to find work in these industries since that time (Berton, 1959; Borneman, 2004) .
Research objectives
To better understand the complex prehistory of Southeast Alaska and the genetic relationships among Northwest Coast tribes, we undertook a genetic analysis of Haida and Tlingit populations. We analyzed mtDNA and Y-chromosome variation to elucidate the maternal and paternal genetic histories of these indigenous populations and compared our findings to archeological, ethnographic, and linguistic data for them. Our results shed light on the abovementioned aspects of Southeast Alaskan prehistory and the history of Na-Dene speaking populations in the region, as well as the influence of social organization on genetic diversity in Haida and Tlingit populations. They further reveal the genetic impact of European movement into the region over the past three centuries.
METHODS

Sample locations
Between April 2009 and October 2011, we conducted field research in the Tlingit communities of Yakutat and Hoonah, the city of Juneau (Tlingit), and the Haida community of Hydaburg (Fig. 2) . Based on ethnographic information, present day Tlingit communities may actually represent populations originating from 2 to 8 villages within each Tlingit tribe (qwaan) that were consolidated over the past 150 years (Goldschmidt and Haas, 1998) . We also worked with several other Tlingit individuals from other communities around the region (Angoon, Sitka).
Yakutat. Eyak-speaking people from the Copper River area considered Yakutat to be part of their traditional homeland (de Laguna et al., 1964; de Laguna, 1972 de Laguna, , 1990b Emmons, 1991) . Shortly before contact with Europeans, the Tlingit moved into this area and began absorbing Eyak groups. At that time, a number of Tlingit and mixed Tlingit-Eyak settlements were present in the region, although only Yakutat has survived to the present day. Based on the 2010 US census, there are 662 people living in the city and borough, with 35.8% of them (237) being native by ancestry. Hoonah. Hoonah is located on the north shore of Chichagof Island, one of the larger islands of the Inner Passage. It is the principal village for the Huna Tlingits. Forced to leave their traditional home at Glacier Bay 200 years ago because of advancing glaciers, they relocated to Hoonah 20 miles to the south of this area (de Laguna 1990a; Emmons, 1991) . Based on the 2010 US census, there are 760 people living in the city, with 52.5% of them (399) being native by ancestry.
Juneau. Juneau is located on the Gastineau Channel in Southeast Alaska, and faces the town of Douglas across the channel, with which it forms the current municipality of Juneau. It is also close to Auke Bay to the north and the Taku River to the south. Prior to European arrival in the late 18th century, Tlingit belonging to the Auke and Taku tribes fished in the Gastineau Channel (Emmons, 1991; Goldschmidt and Haas, 1998 (Blackman, 1990) . According to the 2010 US census, there are 376 people living in the city, with 77.1% of them (290) being native by ancestry.
Sample and data collection
During our work in Southeast Alaska, we obtained buccal samples from a total of 97 individuals following informed consent, of whom 64 were women and 33 were men. We also collected oral histories and genealogical data from Tlingit and Haida participants and community members, and examined archival materials, primary and secondary historical sources, and ethnological information from the region. This information provided a crucial genealogical and historical context with which to interpret the genetic data. All samples and genealogical data were obtained with approval from the University of Pennsylvania IRB, the Alaska Area IRB, and Alaska Native governments.
Tlingit and Haida samples were characterized for variation in the mitochondrial DNA (mtDNA) and the nonrecombining portion of the Y-chromosome (NRY) using the methods outlined below. All DNA test results were returned to the participants. For the purpose of this analysis, we reduced the mtDNA and NRY data sets to include only tribal members from each location. Accordingly, we excluded five of the participants because they were not Native Alaskans or tribal members. Based on genealogical information, we also excluded the mtDNAs of eight other individuals because they were maternally related to other participants, and three additional Ychromosomes because they were paternally related to other participants. In addition, the data from individuals sampled in Hoonah and Juneau were combined, since individuals from each sampling location had clan and familial relationships. We were thus left with 84 tribal members (female and male) for the analysis of mtDNA variation, and 28 male tribal members for the Y-chromosome analysis.
Haida and Tlingit clan history
We obtained information about clan history of each community and its members to assess whether the mtDNA data corresponded with the matrilineal clan status of the participants. This information was also important because the different clans in the Haida and Tlingit clans often have distinct histories and geographic origins.
Yakutat Tlingit. There are several major clans in the Yakutat area. Among them, the Teikweidí (Brown Bear) and Galyax Kaagwaantaan (Beaver/Wolf) are subunits of the Eagle/Wolf moiety, while the L'unax.á di (Silver Salmon) and Kwá ashk'ikwá an (Humpback Salmon) are subunits of the Raven moiety (de Laguna, 1972 (de Laguna, , 1990a Emmons, 1991; Goldschmidt and Haas, 1998) .
Hoonah Tlingit. As seen in Yakutat, the Hoonah Tlingit have clans belonging to both the Eagle and Raven moieties. The Eagle moiety contains three clans, including Wooshkeetaan (Shark), Chookaneidi (Brown Bear), and Kaagwaantaan (Wolf), while the Raven moiety consists of two main clans, the T'akdeintaan (Kittywake) and L'uknax.a'di (Coho Salmon) (Swanton, 1908; Krause, 1956 Krause, [1885 ; Goldschmidt and Haas, 1998; Dauenhauer et al., 2008) .
Haida. Ethnographic information indicates that the Haida are divided into two moieties also called Raven and Eagle, with each having numerous lineages (Swanton, 1905; Blackman, 1990) . Haida villages on the Prince of Wales Island historically contained representatives of several different lineages, and most contained members of both moieties. Based on oral histories, Swanton (1904 Swanton ( , 1905 also speculated that the Eagle moiety might have come from a different tribe.
Mitochondrial DNA analysis
To elucidate the maternal genetic ancestry of the Native Alaskan individuals, we examined mtDNA variation in both male and female participants through direct sequencing of the control region (CR), and analysis of single nucleotide polymorphisms (SNPs) in the coding region of the mtDNA genome. The SNP analysis involved screening the samples for markers that identified the basal structure of the mtDNA phylogeny using TaqMan 1 assays (Applied Biosystems). All assays were read on an ABI 7900HT Fast Real-Time polymerase chain reaction (PCR) system. Once assigned to one of these basal lineages, the samples were screened for additional SNPs that define specific haplogroups and their subbranches using both custom TaqMan assays and polymerase chain reaction -restriction fragment length polymorphism (PCR-RFLP) analysis (Zhadanov et al., 2010; Gaieski et al., 2011) . All haplogroup assignments were made using the nomenclature presented in PhyloTree.org (mtDNA Tree Build 12; 07-20-12; van Oven and Kayser, 2009 ).
In addition, for each sample, the entire mtDNA CR (1121 bp), encompassing hypervariable regions I and II (HVS1 and HVS2), was sequenced using previously published methods (Zhadanov et al., 2010; Gaieski et al., 2011) . All sequences were read on an ABI 3130XL Gene Analyzer, and aligned and edited with the Sequencher 4.9 software tool (Gene Codes Corporation). The SNP assays and CR sequencing defined the maternal haplogroup and haplotypes, respectively, for each individual.
Y-chromosome analysis
We investigated the paternal genetic ancestry of Native Alaskans by screening the male samples for phylogenetically informative SNPs in the non-recombining portion of the Y-chromosome (NRY) that define major paternal haplogroups and their sub-branches. Biallelic markers defining each of the major NRY haplogroups were tested in all men, and classification into smaller, more refined haplogroups was accomplished using a hierarchical approach following published information (Y Chromosome Consortium, 2002; Karafet et al., 2008) and methods (Zhadanov et al., 2010; Gaieski et al., 2011) . In addition, each sample was screened for seventeen short tandem repeats (STRs) using the multiplex AmpFlSTR Y-filer PCR Amplification Kit (ABI), and six additional fragment length polymorphisms and two additional Y-STRs (M17, M60, M91, M139, M175, M186, DYS388, and DYS426) through a separate multiplex reaction (Zhadanov et al., 2010; Gaieski et al., 2011) . The combination of SNP and STR data defined paternal lineages in these individuals.
Comparative population data
For statistical and phylogenetic analyses, we compared Haida and Tlingit mtDNA and Y-chromosome data with those from other indigenous populations in the region (Supporting Information Fig. S3 ). These populations included Bella Coola ), Greenland Inuit (Salliard et al., 2000 , Alaskan Athapaskans (Shields et al., 1993) , Apache and Navajo (Budowle et al., 2002) , Yakima , Aleuts (Rubicz et al., 2003; Zlojutro et al., 2006; Zlojutro, 2008) , Haida , and Nuu-chah-nulth (Ward et al., 1991) . In addition, we compared our Y-chromosome STR data with other data sets (Bolnick et al., 2006; Redd et al., 2006; Zlojutro, 2008) to assess haplotype diversity in paternal lineages from indigenous populations of North America.
Statistical and phylogenetic analysis
Pairwise F ST genetic distances between the Haida, Tlingit, and comparative populations were estimated with HVS1 sequence data using the Tamura-Nei model of sequence evolution (Tamura and Nei, 1993) in Arlequin v.3.11 software (http://cmpg.unibe.ch/software/arlequin3/) (Excoffier et al., 2005) . The inter-population F ST genetic distances were then represented in two dimensions through multi-dimensional scaling (MDS) using SPSS 17.0 (SPSS 2009). In addition, haplotype diversity, nucleotide diversity, MPDs, Tajima's D and Fu's F S were calculated from mtDNA HVS1 sequences, using Arlequin 3.11.
We also conducted a hierarchical analysis of molecular variance (AMOVA) to evaluate the extent of population genetic structure in the data sets from Tlingit and Haida. For the Tlingit tribes, all indigenous mtDNA haplotypes were sorted by geographic location and clan membership. Any clan made up of a single individual was excluded from the analysis. All of the remaining clans were specific to a single moiety and geographic location, except for the L'uknax.á di (Coho) clan of the Raven moiety, which was found in the Hoonah and Yakutat regions. This analysis thus involved data from 52 Tlingit (38 Hoonah [16 Eagle, 22 Raven]; 14 Yakutat [0 Eagle, 14 Raven]) individuals for whom we had both moiety and clan information. Similar comparisons using moiety membership were also examined as variables shaping the mtDNA diversity in the Tlingit and Haida, the latter being comprised of 16 Haida individuals (11 Eagle, 5 Hydaburg Raven) with indigenous haplotypes.
To compare our Y-STR data with other published data sets from Native American populations, we reduced the number of analyzed Y-STR loci to 10 of the 11 recommended by the Scientific Working Group on DNA Analysis Methods, namely, DYS19, DYS385a, DYS385b, DYS389I, DYS389II, DYS390, DYS391, DYS392, DYS393, and DYS439. In the published data sets, DYS385 was used in the diversity estimates, and the shorter repeat allele was consistently associated with DYS385a, although the assignment of the two-repeat alleles cannot be made accurately without further genotyping. Data sets were restricted to only indigenous Y-chromosomes. All participants who claimed Tlingit or Haida paternal ancestry were included in the statistical analysis, whereas those participants who claimed paternal ancestry tracing back to other populations were not. A haplogroup predictor (http://www.hprg.com/hapest5/) (Athey, 2007) was used to assign Y-STR haplotypes from Zlojutro (2008) into Y-chromosome haplogroups. After making the data sets comparable, we estimated haplotype diversity and MPDs from the Y-chromosome STR haplotypes using Arlequin 3.11.
Mitochondrial DNA CR sequences were used to construct a network of A2 haplotypes using NETWORK 4.6.0.0 (www.fluxus-engineering.com; Bandelt et al., 1995 Bandelt et al., , 1999 . The weighting scheme suggested by Bandelt et al. (2002) was used with slight modifications. According to this scheme, fast-evolving sites were given lower weights relative to other less mutable sites. Networks were created using both median joining and reduced median joining approaches with MP processing (Polzin and Daneschmand, 2003) .
The time to most recent common ancestor (TMRCA) for each paternal haplogroup was estimated from Y-STR data using the calculation of rho statistics with Network 4.6.0.0, where the founder haplotype was inferred as in work by Sengupta et al. (2006) . Networks were generated as described by Dulik et al. (2011) . The evolutionary mutation rate was used to estimate coalescence dates with a generation time of 25 years.
RESULTS mtDNA diversity in Southeast Alaska
Our analysis of mtDNA variation in Southeast Alaskan populations provided a number of insights into the maternal history of these groups. Haida and Tlingit populations had mtDNA profiles that resembled those of other northern populations from Alaska and Canada (Starikovskaya et al., 1998; Schurr et al., 1999; Rubicz et al., 2003 Rubicz et al., , 2010 Schurr and Wallace, 2003; Zlojutro, et al., 2006; Crawford et al., 2010; Raff et al., 2011) . The vast majority of individuals had mtDNAs belonging to Native American haplogroup A2, while most of the rest belonged to haplogroups C and D, which are also indigenous in origin (Supporting Information Tables S1 and S2; Fig. S4 ). None of these populations possessed haplogroup B2 or X2a mtDNAs, which appear in Amerindian populations to the south. Several individuals had mtDNAs belonging to West Eurasian (e.g., H, T, U) or East Eurasian (E1a1a) haplogroups. These persons either had Tlingit or Haida fathers and non-native mothers or had been adopted into the tribe.
A comparison of CR haplotypes in the Haida and Tlingit also revealed intriguing similarities between them (Supporting Information Table S2 ). All three groups shared two A2 haplotypes, the first being the founder HVS1 haplotype (#1) and the second having additional 16129 and 16311 mutations (#3). Two other A2 HVS1 haplotypes (#2 and #4) were observed in Hoonah and Hydaburg, although the Hydaburg individuals bearing these haplotypes had maternal Tlingit ancestry. These observations suggested that the founder A2 mtDNAs were originally present in both the Tlingit and the Haida, but that the derived HVS1 haplotypes (#2, #3, #4) arose in the Tlingit and were then later spread into the Haida.
A2 haplotypes possessing the 16129 mutation have previously been observed in North, Central, and South American populations (e.g., Ward et al., 1991 Ward et al., , 1993 Torroni et al., 1993; Starikovskaya et al., 1998; Johnson and Lorenz, 2006; Tamm et al., 2007) . If all of these haplotypes belong to the same maternal lineage, then this distribution suggests that it likely arose in founding Native American populations and was spread with initial settlement of the Americas. However, given the polymorphic nature of the 16129 site (Bandelt et al., 2002; RuizPesini et al., 2007; Achilli et al., 2008; van Oven and Kayser, 2009) , the haplotypes bearing this mutation could appear similar because of the recurrence of this site in the HVS1, hence, would have only distant genetic relationships.
Interestingly, there were differences in the patterns of A2 variation between the two Tlingit populations and between the Tlingit and Haida populations. For example, HVS1 haplotype #7 only appeared in Yakutat Tlingit. This haplotype represents an Athapaskan-specific sublineage of A2 that has been found in Alaska and Canada, and other areas where Athapaskan populations expanded (e.g., US Southwest) (Shields et al., 1993; Torroni et al., 1993; Starikovskaya et al., 1998; Budowle et al., 2002; Rubicz et al., 2003; Schurr and Wallace, 2003) . In addition, HVS1 haplotype #9, which is characterized by the 16355 mutation, was observed in only the Haida. It appears to have arisen in this tribe, as it occurs in no other population in the Northwest Coast region, aside from the neighboring Bella Coola, in which similar haplotypes has been observed .
Native Americans of different ethnic backgrounds also contributed several other A2 haplotypes to the Haida and Tlingit communities. For example, HVS1 haplotype #5 represented an Inuit individual from Hoonah, while HVS1 haplotype #8 belonged to an Inupiaq individual from Yakutat. These A2 mtDNAs are commonly seen in Yupik and Inupiaq populations (Starikovskaya et al., 1998; Schurr et al., 1999; Saillard et al., 2000; Helgaon et al., 2006; Gilbert et al., 2008) . Likewise, the unique HVS1 haplotype #6 occurred in a Haida individual with Tsimshian maternal ancestry.
By contrast, haplogroup C and D haplotypes appeared mostly in the Yakutat Tlingit. These included a unique version of C1 (#11) in a Hispanic/Mexican individual who traced her maternal ancestry to Chihuahua, Mexico, and a C1b type (#10) in a Haida individual that differed from the founder C1 by two steps. In addition, a Tlingit individual from Yakutat had a D1 haplotype (#12), while another with Alaskan Athapaskan maternal ancestry had a D2 haplotype (#13) similar to those commonly seen in Chukchi, Siberian Yupik, and Aleut populations (Starikovskaya et al., 1998; Schurr et al., 1999; Rubicz et al., 2003; Zlojutro et al., 2006) . However, D4h3 haplotypes were not observed in any of these populations, despite their presence in an ancient sample from the Northwest Coast and modern populations from southwestern North America (Kemp et al., 2007; Perego et al., 2009) .
The network of A2 haplotypes confirmed these observations ( Fig. 3; Supporting Information Fig. S5 ). The Haida and Tlingit shared several haplotypes, including #3, although Haida HVS1 haplotype #9 was clearly distinctive relative to others in Tlingit populations. Indeed, the whole mtDNA genome sequence for HVS1 haplotype #9 was quite distinctive relative to any other A2 haplotype that has been characterized in the same way (Supporting Information Table S3 ). Athapaskan HVS1 haplotype #7, Inupiaq HVS1 haplotype #5, and Tsimshian HVS1 haplotype #6 were also clearly delineated in the network (Supporting Information Fig. S5) . Interestingly, the latter three haplotypes lacked the mutation at np 64, which occurs just before the start of the HVS2 region, and which was present in all of the A2 mtDNAs from the Haida and most of those from the Tlingit. The phylogenetic significance of this mutation is not entirely clear. It has been reported as being hypervariable in A2 mtDNAs throughout the Americas (Tamm et al., 2007; Achilli et al., 2008; Perego et al., 2009) , although it might possibly delineate two sets of founding A2 haplotypes, one with and one without the mutation .
The statistical analysis of Haida and Tlingit HVS1 sequence data also yielded new insights into the genetic diversity within the region. Comparisons of the Haida and Tlingit mtDNA data with those from published data sets showed that populations in Southeast Alaska were generally less diverse than populations from other regions (Supporting Information Table S4 ). The Nuu-chah-nulth, Bella Coola, and Yakima had greater haplotype diversities than the two Tlingit and two Haida populations. Aleuts and Greenlandic Inuit also had lower diversity estimates, although the Alaskan Athapaskans by Shields et al. (1993) had a higher value, probably because the samples were collected from various tribes in Alaska.
The MDS plot of these F ST estimates further illustrated the genetic relationships among populations from the circumarctic region (Supporting Information Table  S5 ; Fig. 4 ). Haida from Hydaburg and Queen Charlotte Island clustered tightly together and separately from Tlingit groups, and were genetically close to Bella Coola, a Northwest Coast Amerindian population. The Yakutat and Hoonah Tlingit were also genetically distant from each other, with Yakutat being closer to Alaskan Athapaskans, Apache and Navajo, in part due to sharing Athapaskan A2 haplotypes with these groups, and Hoonah showing some similarities to both NW Coast Amerindians and the Haida. The Greenland Inuit, Yakima, and Aleuts were all positioned at some distance from the general cluster of Northwest Coast populations. Overall, the F ST values were generally high, indicating substantial population differentiation.
Influence of social organization on mtDNA diversity
When mtDNA data were sorted according to the descent groups of Tlingit and Haida individuals, we noted a strong correspondence between mitochondrial haplotype and maternal moiety affiliation (Supporting Information Table S6 ). In the Yakutat Tlingit, there were striking differences between the Eagle and Raven members, and between clans within each of these moieties. All individuals from the Kwá ashk'ikwá an clan had A2 haplotype #7, those from the L'uknax.á di clan had A2 haplotype #3, and an individual with Eyak maternal ancestry who belonged to the Galyax Kaagwaantaan clan (Raven moiety) had D1 haplotype #12. Within the Eagle moiety, individuals adopted into the Teikweidi clan included those having Koyukon Athapaskan (haplotype #13), Inupiaq (haplotype #8), and non-native (haplotype #16) maternal ancestry. Similar to those for the Yakutat Tlingit, the Hoonah mtDNA data showed a clear distinction between the Eagle and Raven moiety members. Aside from those persons adopted into an Eagle clan, all but one of its members had only the A2 founder HVS1 haplotype #1. The remaining mtDNA haplotypes belonged to Raven clan members. Among these, L'uknax.á di (Coho Salmon) and T'akdeintaan (Kittywake) members had A2 HVS1 haplotype #3, Kaach.á di (Land Otter) members had HVS1 haplotype #2, and L'eeneidi (Dog Salmon) had HVS1 haplotype #4. Thus, judging from the clan and mtDNA data, the Eagle and Raven individuals shared virtually no specific mtDNA haplotypes.
In Hydaburg, the Eagle and Raven moieties were also genetically distinguishable from each other. Aside from the A2 founder HVS1 haplotype #1, they shared no other maternal lineages. In fact, based on full CR sequences, even the A2 founder haplotypes in Raven and Eagle individuals differed by the presence or absence of the 189 mutation in the HVS2. Thus, members of the Raven and Eagle moieties in the Kaigani Haida actually shared no specific haplotypes.
Comparison of the mtDNA sequence data at the moiety level for Haida and Tlingit populations hinted at deeper connections between them. In both the Hoonah and Yakutat, A2 HVS1 haplotype #3 occurred in Raven clan members, suggesting a common source for these mtDNAs. By contrast, these kinds of A2 haplotypes belonged to Haida Eagle moiety members. This was an intriguing finding in light of the hypothesized ''foreign" origin of the Eagle moiety in the Haida (Swanton, 1905) . When assessing the distribution of mtDNA haplotypes in Haida and Tlingit relative to geography and moiety status using AMOVA, a more complex picture of maternal genetic variation emerged. The first AMOVA involved Hoonah and Yakutat Tlingit, with each clan being grouped into its respective moiety. The resulting Within Group variation was very low Table 1(a), reflecting low levels of diversity within each maternal clan. When the clans were grouped by moiety, the Between Population-Within Group component rose dramatically, indicating significant differences between at least two of the clans in one of the moieties. When the clans were grouped by geography, a significant portion of the variation was shifted into the Among Group component, although the differences were not significant (P-value [ 0.1).
The most likely candidate for the clan influencing the AMOVA results was the Humpback Salmon clan from Yakutat. As noted above, this clan belongs to the Raven moiety and has primarily the Athapaskan A2 haplotypes (#7) that is very different from the others present in the Hoonah and Hydaburg areas. These results were also consistent with the large F ST value between the Hoonah and Yakutat Tlingit (Supporting Information Table S5 ).
To further assess the effects of the Yakutat samples on these results, data from only the Hoonah region Tlingit clans were subjected to AMOVA. They were grouped only by moiety. This AMOVA produced a very low Within Group, a moderate Between Population-Within Group, and also a very large Among Group value [ 
Y-chromosome diversity in Southeast Alaska
The analysis of NRY variation in these same populations using SNPs defined a variety of paternal haplotypes in male individuals (Supporting Information Tables S7 and S8; Fig. S4 ). Some of these haplotypes belonged to haplogroups C3*, C3b, Q1a*, and Q1a3a*, which have been observed in various Native American populations (e.g., Karafet et al., 2001; Lell et al., 2002; Bortolini et al., 2003; Zegura et al., 2004; Bolnick et al., 2006) . Others belonged to haplogroups E1b1b1, I1, I2b, J1e and R1b1b2, which are common among European populations (Rosser et al., 2000; Karlsson et al., 2006) , or O3a3*, which is common in Southeast and East Asia groups (Shi et al., 2005; Xue et al., 2006; Zhong et al., 2011) . Haplogroups C and Q were found in participants claiming Tlingit or Haida paternal ancestry, with the exception of a single C3* lineage (Y-STR haplotype #1). All other haplogroups were found in men claiming a non-indigenous paternal ancestor.
Comparison of haplogroup C and Q haplotypes with those present in other Native American communities revealed a distinct pattern of male genetic diversity in Southeast Alaska. As noted above, we identified two branches of haplogroup Q in Southeast Alaskans, these being Q1a*, defined by the MEH2 SNP, and its derivative Q1a3a*, defined by the M346 and M3 SNPs. Q1a* is a paragroup made up of only a handful of individuals, with all other Native Americans falling into the more derived Q1a3* (M346) and Q1a3a* haplogroups (Bortolini et al., 2003; Zhadanov et al., 2010; Bisso-Machado et al., 2011; Gaieski et al., 2011) . In Southeast Alaska, Q1a* appeared in only the Tlingit, while Q1a3a* was present in both the Haida and Tlingit.
The Q1a* and Q1a3a* haplotypes were quite diverse when considering their STR profiles. The differences between the two Q1a* haplotypes were remarkable, as they varied at 12 out of 19 STR loci, while the Q1a3a* haplotypes differed amongst themselves at 6-8 STR loci, on average. In fact, based on these data, every single Q haplotype in the Haida and Tlingit was found to be unique. This level of diversity suggested that these Q Ychromosomes might represent paternal lineages that have persisted and diversified in the region for thousands of years. Consistent with this view, the TMRCA for the Q1a3a* Y-chromosomes present in the Tlingit and Haida was 10,120 years 6 2,200, using rho statistics and the evolutionary mutation rate, a date consistent with earlier estimates for the age of the M3 mutation in the Americas (Zegura et al., 2004) .
In addition, we detected haplogroup C3* (M217) and C3b (P39) haplotypes in the Tlingit. These findings were consistent with other studies that have shown haplogroup C to be present in Athapaskan and Algonquian populations from North America (Bortolini et al., 2003; Zegura et al., 2004; Bolnick et al., 2006; Malhi et al., 2008) . However, previous studies did not analyze a sufficient number of SNP markers to delineate the different kinds of C haplotypes that were present in their study populations. Approximately half of the NRY haplotypes were non-indigenous in origin. Of these, haplogroups I1 and I2b occurred only in Hydaburg. This observation was consistent with a number of Haida families having male ancestors who, over the past several generations, came to the region from Scandinavia or northern Europe, where such haplogroups are common (Rosser et al., 2000; Karlsson et al., 2006) . The other West Eurasian haplogroups appeared largely in individuals from Hoonah and Yakutat. Haplogroup R1b1b2 was especially common in these tribes, which was not surprising given that the male ancestors of these families traced their roots directly to Denmark, Germany, Ireland, Netherlands, Norway, Russia, Spain, or Sweden, where this paternal haplogroup is ubiquitous (Balaresque et al., 2010; Myres et al., 2010) .
Interestingly, one Tlingit man from Yakutat possessed a Y-chromosome from haplogroup O3a3, which is typically seen in Southeast and East Asia. Although he selfidentified as a Tlingit (having a Tlingit mother), he had a Filipino father. In fact, a number of Tlingit men and women had Filipino grandparents on the maternal or paternal sides of their families based on their genealogies, particularly in Yakutat. In such cases, women who had Filipino ancestry traced it through their paternal grandfathers, or men traced it through their paternal grandmothers. Thus, given the inheritance patterns of mtDNA and Y-chromosomes, the Filipino genetic lineages from these family members were not sampled.
To further explore Y-chromosome diversity in circumarctic populations, we compared our data with those from other native North American populations for which core Y-STR data were available. Our results revealed that Y-STR diversity in the Tlingit and Haida was relatively similar to that seen in other Native American populations ( Table 2 ). The diversity value for the Hoonah Tlingit was 0.978, whereas that for the Yakutat Tlingit and Hydaburg Haida was 1.000 because of small sample sizes. Diversity estimates for Aleuts (Zlojutro, 2008) were recalculated without non-indigenous haplotypes. The resulting diversity estimate for Aleut haplogroup Q lineages was 0.924 instead of 0.990, well below the estimates seen in Southeast Alaska. The Tlingit and Haida values fell in the range of estimates for indigenous eastern North American populations (Bolnick et al., 2006) as well as those from Native Americans analyzed by Redd et al. (2006) . It is likely that estimates from the latter are inflated, as recent admixture was not accounted for in this analysis.
To conduct a comparable analysis with the Aleut data from Zlojutro (2008) , we had to run the Aleut Y-STR haplotypes through a haplogroup predictor to identify the indigenous paternal lineages to which they belonged (Athey, 2007) . Overall, this haplogroup predictor worked well, although a few of the Y-STR haplotypes seemed to be misclassified. Nevertheless, we identified most, if not all, indigenous Y-chromosomes in the Aleut villages, which represented only 15.3% of Aleut men (Zlojutro, 2008) . The indigenous Y-chromosomes from Southeast Alaska made up approximately 50% of the total, which is similar to frequencies of indigenous Y-chromosomes in eastern North America (Bolnick et al., 2006) .
DISCUSSION Genetic variation in Southeast Alaska
Our analysis of mtDNA and Y-chromosome variation in Haida and Tlingit individuals provides new insights into the genetic history of indigenous populations from Southeast Alaska. Although the sample sizes for these populations are small, the resulting data, viewed in the context of ethnographic and genealogical evidence, appear to be generally representative of the communities in which we worked, thereby allowing us to make reasonably strong inferences about their population histories.
A primary objective of this study was to assess the genetic affinities of Haida and Tlingit populations with other native communities in North America. Overall, the Haida and Tlingit show a mostly ''northern'' genetic profile similar to that of circumarctic populations. This profile is marked by the high frequency of haplogroup A2 and the presence of haplogroup D2. Yet, specific A2 haplotypes differed. For example, A2b lineages that are common in Arctic populations were not found in Tlingit and Haida. The Southeast Alaskan groups also lack haplogroup B2 and X2a mtDNAs and exhibit very low frequencies of C1 and D1 haplotypes. These haplogroups are commonly seen in Amerindian populations such as the Nuu-chah-nulth, Bella Coola, Yakima, and other tribes located south of this region (Ward et al., 1991 Shields et al., 1993) , and are also present in the Navajo and Apache due to their intermarriage with Puebloan and other Amerindian population since entering the American Southwest some 500-1,000 years ago (e.g., Budowle et al., 2002) .
In addition, while observed in certain Amerindian populations living in mainly coastal areas in southwestern North America and western South America (Rickards et al., 1999; Schurr, 2004; Perego et al., 2009 ), D4h3 haplotypes are not present in either the Haida or Tlingit, despite its presence in the prehistoric On Your Knees Cave male from Prince of Wales Island (Kemp et al., 2007) . This pattern of mtDNA diversity suggests that the haplogroups initially brought to the Northwest Coast have been replaced by those ancestral to the Haida, Tlingit, and other Northwest Coast tribes in the region.
Tlingit population history
Our genetic data provide new insights into the population history of Tlingit populations from Southeast Alaska. In some respects, the Hoonah and Yakutat tribes are genetically similar to each other, with both having two of the most common HVS1 haplotypes present in the (de Laguna, 1972 (de Laguna, , 1990b . They both also have Q1a, Q1a3a*, and C3* Y-chromosome haplotypes, suggesting they could potentially have a common or similar paternal ancestry, although no specific STR haplotypes are shared between them. At the same time, while being linguistically and culturally similar, the two Tlingit tribes are genetically distinctive from each other. The Yakutat Tlingit show stronger maternal genetic ties to Athapaskan groups from interior Alaska than do the Hoonah Tlingit, and is the only population with the Athapaskan-specific A2 haplotype (#7). A single Yakutat individual with Koyukon Athapaskan maternal ancestry also has a D2 haplotype (#13), which appear mostly in Alaskan Aleut, Athapaskan, and Inupiaq groups, as well as the Siberian Chukchi (Starikovskaya et al., 1998; Saillard et al., 2000; Rubicz et al., 2003; Zlojutro et al., 2006; Gilbert et al., 2008) . In addition, as previously noted, a number of Yakutat participants have parents or grandparents who were born in the Alsek River or Dry Bay area, while others were noted to have Eyak maternal grandparents. Thus, the Yakutat haplotype distribution likely reflects extensive interactions with Athapaskan populations from interior of south-central Alaska, and possibly also the assimilation of smaller ethnic groups like the Eyaks (de Laguna, 1972 (de Laguna, , 1990b Emmons, 1991) .
The Hoonah Tlingit, on the other hand, exhibit mainly A2 founder haplotypes (#1) and those derived from it (#2 and #3), one of which is also seen in the Yakutat Tlingit (#3). They also lack the A2 sublineage that is observed in many other Athapaskan-speaking tribes. As a consequence, they show greater genetic similarities to the Haida and Northwest Coast Indian populations than to the Yakutat Tlingit. These affinities might possibly reflect the sharing of mtDNA haplotypes with the Haida and Tsimshian, with whom they have exchanged marital partners in the recent past, and which are mirrored by cultural influences on Tlingit populations from these neighboring tribes in the form of iconography and clan name identification (de Laguna, 1972 (de Laguna, , 1990a Blackman, 1990; Emmons, 1991) . This pattern also generally supports evidence suggesting that certain Tlingit clans originated in the area defined by the Nass River in British Columbia and Stikine River in Southeast Alaska (de Laguna, 1990b) .
Such differences could also possibly reflect more ancient population subdivisions that resulted from cultural and geographic isolation. Previous linguistic studies noted several distinct dialect groups in Southeast Alaska, with the Yakutat belonging to the Gulf Coast group and Hoonah belonging to the Northern group (de Laguna, 1990a) . This linguistic divergence would imply that Tlingit groups underwent regional genetic differentiation within Southeast Alaska. Under this scenario, the Tlingit emerged from a common Northwest Coast gene pool that had developed by 5,000 years ago, and then diverged from each other linguistically and genetically as they expanded throughout the region, while also being influenced by neighboring indigenous populations.
Haida population history
Our data indicate that the Haida are genetically distinctive from Tlingit populations. They have mostly mtDNA A2 founder haplotypes (#1), which, interestingly, are more diverse at the HVS2 level than those in the Tlingit, as well as others that were obtained through intermarriage with Tlingit groups (#2 and #4), based on genealogical information. They also possess a haplotype (#9) that is not seen in the Tlingit or other Northwest Coast populations, aside from the geographically adjacent Bella Coola , and also have a Q1a3a* haplotype distinct from those seen in the Tlingit. In addition, the Haida from Hydaburg are genetically closest to Haida from Queen Charlotte Island in Canada. This is not a surprising finding because the Haida only began expanding into the Prince of Wales Island during the past few centuries, displacing the Tongass Tlingit groups living there.
Furthermore, genetic distance estimates based on mtDNA HVS1 data show the Haida to have greater genetic affinities with Northwest Coast Amerindian than Athapaskan tribes. In this regard, Ward et al. (1993) believed that the similarities between the Haida and Bella Coola were due to a recent shared origin of the two populations, despite the fact that the Haida speak a NaDene language and the Bella Coola an Amerind one. By contrast, Lorenz and Smith (1997) asserted that the similarities between the Bella Coola and the Haida were not due a recent common origin of both populations, but rather reflected recent gene flow between them after the Bella Coola migrated into the area. Given the lack of haplogroup B2 and D1 mtDNAs in the Haida and the distribution of the A2 haplotypes described above, our data support the view that recent gene flow has produced the observed patterns of mtDNA diversity in the Haida and Bella Coola. Furthermore, based on the current genetic evidence, the Haida appear not to be closely related to adjacent Tlingit populations, with the pattern of genetic diversity in this population reflecting some degree of isolation from neighboring tribes.
Genetic and linguistic diversity in the Na-Dene linguistic family
Another goal of this study was to investigate the relationship between linguistic and genetic diversity for populations assigned to the Na-Dene linguistic family, specifically, the inclusion of Haida in the family with Athapaskan, Eyak, and Tlingit. As noted above, we observe differences in mtDNA composition between the Haida and the Tlingit. In addition to their distinct mtDNA profile, the Haida lack A2a haplotypes (#7) seen in many other Athapaskan tribes (Shields et al., 1993; Torroni et al., 1993; Starikovskaya et al., 1998; Budowle et al., 2002; Schurr and Wallace, 2003) , although this is also true for the Hoonah Tlingit. The Q1a3a* Y-chromosome observed in the Haida (#20) is also distinctive compared to those in Tlingit groups, although it represents a single male lineage in this population. Together, these data suggest that the Haida do not share a recent common ancestry with the Tlingit.
Thus, we observe only modest genetic evidence for the composition of the Na-Dene stock as originally proposed by Sapir (1915) , in which Haida and AET populations share a common genetic ancestry. However, this interpretation is not supported by previous analyses of Haida and AET languages. While linguistically influenced by Tlingit tribes as they expanded northward from their Canadian homeland, the Haida are viewed as speaking a Na-Dene language by a number of Native American linguists (Greenberg et al., 1986; Manaster Ramer, 1996; Ruhlen, 1998; Enrico, 2003) . Thus, if the Haida share deeper linguistic ties with AET speaking populations, then they have since diverged from them genetically, albeit with some gene flow due to interactions with neighboring populations. mtDNA diversity and clan status As noted previously, ethnographic studies indicated that clan status in the Haida and Tlingit is based on matrilineal descent. Traditionally, a member of the Eagle Clan married someone from the Raven clan, and vice versa. However, the strictness of this practice has waned somewhat over the past century, partly due to intermarriage with non-native persons. For this reason, we were uncertain as to whether the mtDNA data would show any correspondence with the clan status of the participants.
In fact, there was a strong association between the maternal clan status and mtDNA haplotype background of individuals from Yakutat, Hoonah, and Hydaburg. In general, it was possible to distinguish members of the Tlingit Eagle and Raven moieties from each other based on the mtDNA haplotype composition of each social grouping. Members of the Raven moiety in Yakutat had either #2 and #3 haplotypes (L'uknax.á di clan) or Athapaskan-specific A2 haplotypes (#7) (Kwá ashk'ikwá an clan) because of previous interactions with Ahtna Athapaskan populations, with another Raven individual from the Gaanax.á di clan having D1 haplotype (#12). Because all of the Eagle clan members involved in this study had been adopted into the Tekiweidi clan, they exhibited a mixture of different maternal haplotypes.
We observed the same pattern for Eagle and Raven moieties in the Hoonah Tlingit. The Eagle and Raven members shared no mtDNA haplotypes, except for #4. This was an intriguing finding because, while many of their clans apparently arose in the Hoonah region, the ancestors of a number of tribal members came from clans originating in other parts of the traditional Tlingit territory that encompassed the Northern and Southern subdialect regions (de Laguna, 1990a) . Furthermore, both the Hoonah and Yakutat A2 haplotypes #3 occurred only in Raven clan members, suggesting a common source for these mtDNAs, and the genetic divergence of these two moieties some time ago. These results are consistent with information obtained through ethnographic studies of Tlingit tribes (de Laguna, 1972 (de Laguna, , 1990a Emmons, 1991) and recent genealogical data, and indicate that matrilineal kinship and clan-based marriage practices continue to shape mtDNA variation in the Tlingit today.
Similarly, we observed genetic differences by moiety in the Kaigani Haida from Hydaburg. Accordingly, Raven and Eagle moiety members did not share any haplotypes when considering the entire CR sequences of the participants. However, the correspondence between moiety status and specific mtDNA haplotypes is not as strong as seen in the Tlingit populations. This pattern might reflect the mixing of lineages from formerly separated groups that resulted from the consolidation of smaller Haida communities in the early 20th century. In addition, whereas A2 haplotype #3 occurred in Tlingit Raven clan members, these kinds of mtDNAs appeared in Haida Eagle clan members. This observation is intriguing in light of the fact that, based on ethnographic information, clans belonging to the Haida Eagle moiety would be placed in the Tlingit Raven moiety (Blackman, 1990) and might even have originated in a different tribe (Swanton, 1905) . Hence, judging from this evidence, these Tlingit and Haida subdivisions might possibly have deeper genetic connections between them than indicated here.
Historical admixture
The genetic data from the Haida and Tlingit confirm genealogical and historical evidence of intermarriage with non-indigenous persons. A number of Tlingit women have married men of non-native descent over the past several generations. These men, who have paternal Swedish, Danish, German, Scotch-Irish-English, and Filipino descent, came to Alaska to fish commercially, hunt whales, work in mines, timber forests, or serve at American military bases in Alaska. In the case of the O3a3* haplotype in the Tlingit, this finding is consistent with the economic history of Southeast Alaska where, during the early to mid-1900s, mostly male Filipinos were hired to work in Alaskan salmon canneries. These men subsequently established ties with members of such Alaska Native tribes as the Tlingit, Haida, Aleut, and Tsimshian, and often married into these communities (Cordova, 1983; Bacho, 1988; Bucholdt, 1996; Barton, 2011) . In addition, some Haida and Tlingit men have married non-native women, most of whom having been formally adopted into their respective communities. Regardless of their non-native ancestry, these individuals are considered members of Haida and Tlingit tribes.
CONCLUSIONS
In summary, our genetic data reinforce perspectives on Haida and Tlingit history that come from archeological, ethnographic, and linguistic studies. The Tlingit are genetically different from the Haida, are themselves genetically subdivided, and have distinct genetic affinities with surrounding Athapaskan and Northwest Coast populations. The limited sharing of certain mtDNA haplotypes by Haida and Tlingit populations suggests only in recent times has there been population interactions leading to intermarriage, hence, gene flow, between them. In addition, we observed considerable diversity in the Q1a* and Q1a3a* paternal haplotypes in the Tlingit, implying their antiquity in the region and possibly greatly diversity in founding Y-chromosome haplogroups than previously appreciated. In this regard, our estimates of Q-M3 diversity were consistent with those obtained from other Native American populations. Additional details about the history of Haida and Tlingit peoples will emerge from comparative studies with other Alaskan Native populations, such as Yupik, Inupiaq, and Athapaskan groups from Alaska and Canada, and through whole mtDNA genome sequencing, expanded NRY SNP genotyping and analysis of autosomal loci in these populations.
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